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CubeSats

Å A CubeSat is a small spacecraft with 

standardized geometry and 

dimensions

Å Theyôre classified as 1U, 2U, 3U, etc. 

Typically a 1U, is 10cm x 10cm x 

10cm and approximately 1.3 Kg.

Å This concept begun in 1999 as a 

relatively affordable and quick way for 

universities to gain access to space 

research 

Å Because of low cost and rapid turn-

around universityôs CubeSats success 

rate was about 50%

Å Taken into space as piggy-back 

payload 
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The CubeSat benefit to NASA 

Offer an agile low-cost option for enabling 
scientific discovery, technology development, 
along with training and education

Å Support larger missions 
ï Augment their capabilities 

Å Push forward the development of compact 
and effective instruments and spacecraft 
components

Å Allows for faster science return in missions  

Å Serve as great experience for newly hired 
engineers
ï Work mission from start to finish within 1-3 

years

ï Allows for a direct interaction between 
scientist and engineer 

Å Opportunities for collaboration with 
universities/research centers
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Mission Description

6

Å PI: Shri Kanekal
╖ PI led mission with code 500 participation

Å 3U CubeSat with BCT-XB1 S/C bus

Å Southwest Research Institute (SwRI)
╖ Keiichi Ogasawara

╖ Avalanche Photodiode Detector (APD) 

Å High inclination,  LEO > 85Á, 600 km,  

Å Expected lifetime ~12 months
╖ Required lifetime: 3 months

Å Launch by RocketLab
╖ Electron Rocket

Å First Science and Mission Directorate (SMD) 
funded CubeSat

RocketLab: July 2018

From Mahia Peninsula, 

New Zealand

APD:

High time resolution  up  to 4 

ms

Spectra  covering energies 

from ~few keV to ~few MeV

CeRES
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CeREs Mission Science

Primary Science

ïStudy of electron loss due to 

microbursts after geomagnetic storms 

ïEnhances science returns from Van 

Allen Probes

Secondary Science

ïCharacterizing solar electron spectra

ïFurthering understanding of particle 

acceleration and transport
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Energetic Electrons: Van Allen Belts
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CeREs CubeSat

Å Electronic Boards
╖ 3 Front End Electronics 

(FEE)

╖ CHEC Space Processor 

(CSP)

╖ Backplane board
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Å BCT XB1 Spacecraft Bus
╖Power System

Å 3 li-on battery cells (2.6 A-

h, 12.3 VDC)

╖Guidance & Navigation 

Control

Å2 star trackers

Å4 core Sun sensors

Å3 reaction wheels

Å Miniaturized Electron 

Proton Telescope 

Spectrometer (MERiT)
╖Avalanche Photodiode 

Detector (APD) & Solid State 

Detectors (SSD)

╖High time resolution

╖Broad energy spectrum

Å Clyde Space SA
╖Deployable

╖2 solar arrays

Å L3 Cadet Radio

Å ISIS UHF Antenna 

╖ Deployable
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Objectives

Goals for CeREs Thermal

ÅManagement of Thermal Model

╖Perform trade studies 

╖Update & correlate model as needed

╖Provide flight predicts to systems team

ÅDesign of TVAC Test Model

╖Determine location and temperature control for 
thermal environment 

╖Provide predicts for qualification and thermal 
balance testing

Å TVAC Test Campaign

╖Test Procedure

╖Hardware procurement 

╖Test staffing

╖Chamber setup 

Å Thermal Model Correlation
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Spacecraft Thermal Design

CeREs On-Orbit Heat Loads
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Solar 

Radiation

Albedo

(Reflected 

Solar)

Earth Emitted 

IR

CeREs

radiation to space 
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Spacecraft Thermal Design

Thermal Engineering Design 

Essential to ensuring the spacecraft and payload survive and 

operate at their respective temperature limits for the mission

Å Spacecraft thermal design encompasses the worst case 

environments experienced on amissionôs orbit. These are known as 

the Hot Case and the Cold Case
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Hot case Cold case

Solar Constant High Low

Albedo
Greater percentage of 

reflected sunlight

Lower percentage of 

reflected sunlight

Earth IR High Low

Radiator coating
End-of-life properties

(higherŬ, lower Ů)

Beginning-of-life 

properties

(lowerŬ, higher Ů)

MLI Blanketing
Less effective emissivity 

on cold side

More effective emissivity 

on cold side

Power Dissipation Maximum Minimum

These 

parameters are 

typical of low 

Earth mission 

orbits

Temperature Limits

Operational limits: 

Performance of 

hardware/components 

should be optimal

Qualification limits: 

Serve to determine 

thermal cycling goals of 

hardware to verify 

workmanship and 

performance

Survival limits: 

Exceeding these, could 

result in permanent 

hardware damage
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Radio

CSP

CeREs Thermal Design

Thermal Model Overview

Å Only in-flight heaters are on the batteries

ï 2 survival heaters

ï 1W each heater 

ï Heaters: ON = 5° C, OFF = 18° C
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APD & SSD 
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FEE 

boards

DIB board

Back Plane 

board

Å All surfaces on CeREs are radiators. No blankets

Å Thermal Interface material (eGraf) 

ï CeREs to SA interface

ï Low sensitivity of thermal conductance at this 

interface 

MERiT
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Passive Thermal Design

× ACS 

maintains 

Sun on the -X 

face at all 

times

SA 

interface
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CeREs Thermal Model

Coatings

Å Tailored coating, ïX, -/+Y 

& -Z
ï ὑ = 0.22, Ŭ= 0.13

ï Al and SiO2 (thickness of 

SiO2 determines emittance)

ï Used on DELLINGR

Å Silver Teflon, +X (back of 

solar panels as well)
ï ὑ = 0.85, Ŭ= 0.08

Å Kapton tape, +Z
ï ὑ = 0.74, Ŭ= 0.42

Å Mark Hasegawa and Code 

546 provided support for 

the coatings and 

application
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Tailored coating

Silver Teflon 
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Star 
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CeREs Thermal Model

Thermal Orbits

Å Two orbit cases selected for analysis and 
thermal testing:
ï Hot Case: Beta 90°
ï Cold Case: Beta 0°
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600 Km altitude 

Beta 90° about Sun 

Inclination 85ę 

600 Km altitude 

Beta 0° about Sun 

Inclination 85ę 

× The Hot and Cold

cases are also 

define by the power 

configuration of the 

spacecraft

*Beta angle (ɓ) is the angle between solar vector 

and orbit plane 

Hot OrbitCold Orbit
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CeREs Thermal Model

Power Dissipations
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Component Available

Power (W)

Power (W) Power (W)

MERiT 1.641 0 1.641

Reaction Wheels 0.6 0.3 0.6

GPS 1.22 0 1.22

Star trackers 0.83 0.43 0.83

Radio RX 0.37 0 0.37

Radio TX 12.33 0 1

Antenna 0 0 0

CSP 1.48 1.48 1.48

EPS 1 1 1

XB1_ELEC 3.64 3.64 3.64

Total 23.11 6.85 11.78

SafeMode ScienceMode

Å CeREs has various power 

configurations for its 

mission. It was found that 

the Safe and Science modes 

provide for the worst cases. 

Å The combination of HOT and COLD orbits with power settings SCIENCE MODE and SAFE 

MODE, provide the worst HOT and COLD cases to study. 
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CeREs Thermal Model

Flight Predicts Temperatures
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Parameter: 

Limits B90_85_ScienceMode B00_85_SafeMode
Margin fromOP 

Limits

Low
Surv

Low 
Qual Low OpHigh_Op

High 
Qual

High 
Surv Min Avg Max Min Avg Max

B90
Science 
Mode

B00
Safe 

Mode

Component [°C] [°C] [°C] [°C]

MERiTInstrument

INST -40 -30 -20 40 50 60 12 17 22 -1 2 5 +18 +19

INST_ELEC -55 -40 -30 75 85 90 23 25 28 7 8 11 +47 +37

XB1

XB1_ST1 -40 -30 -20 55 65 85 24 24 24 7 7 7 +29 +27

XB1_ST2 -40 -30 -20 55 65 85 24 24 24 7 7 7 +29 +27

BATT -20 0 0 45 45 60 23 24 24 7 7 7 +19 +7

Comm

RADIO -40 -40 -20 75 85 85 24 24 24 6 6 6 +49 +26

ANT -50 -40 -10 50 60 85 21 21 21 4 4 4 +29 +14

Structure

SC_RAD -100 -100 -90 90 100 105 23 24 24 6 7 7 +66 +84

SA -110 -60 -50 116 121 125 57 59 63 29 30 33 +53 +79

Hot Case Cold Case

Complies with GOLD (4.25) rules temperature margin 

requirements
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Thermal Vacuum Test

Å The 2 major components of thermal testing 

are Thermal Balance and Thermal 

Cycling (Qualification)

ï Thermal Balance: Intended to validate the 

spacecraftôs thermal design. Additionally, it 

provides data to correlate the thermal model 

ï Thermal Cycling: Designed to take the flight 

hardware to its qualification goals, in order to 

verify workmanship and functionality

Å Bakeout

ÅFor the spacecraft outgassing and for 

meeting launch vehicle requirements

Å CeREs TVAC test was conducted from 

09/11/2017 to 09/17/2017
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TVAC Model Design

Goals & Panel Setpoints Process

Goal: Simulating orbit environments inside a thermal vacuum 

chamber

ï Design a TVAC thermal model that accommodates for available test 

facilities. Provides sink temperatures necessary for achieving Flight-like 

spacecraft temperatures

ï TVAC model should result in temperatures of CeRES within 3-5° C of flight 

predictions.
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Set panel 

temperatures on 

TVAC model

Identify 

thermal 

zones 

needed for 

TVAC

Run model to obtain 

spacecraft TVAC 

temperatures and 

heat flows 

Are 

temperatures 

within the 

tolerance?

TVAC panel 

setpoints for 

balance and 

qualification 

testing

No

Yes

Adjust set-points based on 

comparison of flight vs. test heat 

flows / temperatures

Panels initially set to sink 

temperatures of each 

thermal zone

Obtain sink 

temperatures 

from Flight 

thermal 

model


